The purpose of this study was to identify large-breed dogs with intervertebral disc disease (IVDD) in the upper thoracic region 
Introduction
Degenerative intervertebral disc disease (IVDD) is one of the most common neurologic diseases in dogs. Although degeneration can occur at any area, the cervical (C), caudal thoracic (i.e., the tenth to thirteenth thoracic [T] ), and lumbar (L) discs are the most commonly affected. Lesions located in the T1-T9 region are rarely seen.
When lesions do occur in the upper thoracic region (i.e., T1-T9), it seems to happen predominantly in large-breed dogs.
Although there is an abundance of literature on IVDD in small-breed chondrodystrophic dogs, there is little data specifically focused on the occurrence of IVDD in large-breed dogs, especially large case reports. There is even less literature regarding upper thoracic IVDD (i.e., T1-T9) in dogs and it consists primarily of case reports or small case series. [1] [2] [3] [4] [5] According to Macias et al. (2002) T12-T13, T13-L1, L1-L2, and L2-L3 were the most common single sites affected in large-breed dogs. Forty-seven percent of those cases had multiple sites affected. There was no mention, however, as to whether any of the lesions were within the upper thoracic region (i.e., T1-T9). 6 Of the 99 large-breed dogs in that study, German shepherd dogs were the most common large-breed dog affected with IVDD (33%). 6 In Cudia and Duval's study (1997), L1-L2 was the most commonly affected disc space in the large-breed dog, with L2-L3 being the second most commonly affected disc space. That study did not report any cases with lesions caudal to T10-T11. 7 Only severely affected dogs that were surgical candidates were included in that study. Therefore, the study authors proposed that their study population may not represent the incidence of IVDD in the general population of large-breed dogs because many of the dogs with Type II disc protrusions were either subclinical or managed medically. 7 The exact reason for the decreased clinical cases with IVDD in the upper thoracic region is unknown. The intercapital ligament connects the rib heads and provides an additional dorsal constraint under the dorsal longitudinal ligament, which is believed to reduce the rate of disc herniations from T1-T10. [8] [9] [10] [11] Hansen (1952) reported that the intercapital ligament is either thin or nonexistent at T10, and Wilkens et al. (1996) proposed that the intercapital ligament may be thinner at T9-T10 in some dogs. [8] [9] [10] 12 Movement around the cranial thoracic region is also thought to be limited by the large amount of muscle mass around the vertebrae, as well as the ligaments and musculature associated with the ribs. 
Materials and Methods
The medical records of all dogs at The Animal Specialty Center, (T1-T9), thoracolumbar (T9-L4), and lumbosacral (L4-S1). The T9-T10 region was grouped with the T10-L4 region as it had not been an uncommon site for IVDD in chondrodystrophic dogs at the authors' hospitals. 11 The location of regions with lesions was categorized by size and breed. Table 1 . The most common primary upper thoracic lesion region site was T2-T3 (33.3%), followed by T4-T5 (25.9%), T3-T4 (18.5%), T5-T6 (11.1%), T6-T7 (7.4%), and T8-T9 (3.7%).
Statistical Analysis
There was a significant association between lesion region versus large-or small-breed dogs (P , 0.0001). Small-breed dogs were the majority in the C1-T1 and T9-L4 groups. There were 21 large-breed dogs (100%) in the T1-T9 group, with no smallbreed dogs in that group, And breed was significantly associated with lesion region (P , 0.0001) as shown in Figures 1 and 2 . The majority of dogs in the T1-T9 group were German shepherd dogs (n ¼ 11; 52.4%; Table 2 ).
Weight and age were also significantly associated with lesion region (P , 0.0001 and P , 0.0001, respectively). The mean weight of the C1-T1, T9-L4, and L4-S1 groups were 15.5 kg (range, 1.4-54.5 kg; median, 10 kg), 14.4 kg (range, 1.8-72.7 kg; median, 8.6 kg), and 24 kg (range, 3.6-54.5 kg; median, 21 kg), respectively. In contrast, the mean weight of the dogs in the T1-T9 group was 36.1 kg (range, 22.7-56 kg; median, 34.1 kg).
The mean age of the C1-T1, T9-L4, and L4-S1 groups were 8 yr (range, 0. 
Large-breed dogs were significantly more likely to have multiple regions affected than small-breed dogs (P ¼ 0.0050; Table 3 ).
Breed was also significantly associated with multiple regions affected (P ¼ 0.0051) There were 13 German shepherd dogs with multiple regions affected, which was 35.1% of all German shepherd dogs with IVDD.
The most common localization region to have multiple other regions affected was the T1-T9 group (P , 0.0001). There were 14 of 21 dogs (66.7%) in the T1-T9 group with multiple regions affected (Table 3) , and 3 of 21 dogs had multiple sites affected C, cervical vertebra(e); L, lumbar vertebra(e); S, sacral vertebra(e); T, thoracic vertebra(e).
FIGURE 1 Distribution of lesions in small-and large-breed dogs. C1-T1, first cervical vertebra to first thoracic vertebra; L4-S1, fourth lumbar vertebra to first sacral vertebra; T1-T9, first thoracic to ninth thoracic vertebra; T9-L4 ninth thoracic vertebra to fourth lumbar vertebra.
Upper Thoracic Disc Disease in Large-Breed Dogs within the T1-T9 region. All three of those dogs were German shepherd dogs.
Discussion
To the authors' knowledge, this is the first study to report the They found that German shepherd dogs had a higher risk than nonGerman shepherd dogs for spinal cord compression. Among upper thoracic discs, risk was higher in the T2-T3, T3-T4, and T4-T5 regions, particularly T3-T4. 5 The findings described in the current study support that data, with German shepherd dogs representing 52.4% of dogs with lesions in the upper thoracic region. This study also found that T2-T3 (33.3%), T3-T4 (18.5%), and T4-T5 (25.9%) had a higher risk of IVDD than the rest of the cranial thoracic region, but T2-T3 was the most common in our cohort.
Macias et al. (2002) found that German shepherd dogs were
the most commonly affected large-breed dogs with IVDD overall. 6 In Cudia and Duval's study (1997), mixed-breed dogs were the most common breed, with German shepherd dogs and Labrador retrievers next, respectively. 7 The results of the current study support previous studies that found Labrador retrievers (20.9%) and German shepherd dogs (18.9%) as the most common largebreed dogs with IVDD. 6, 7, 15 It has been proposed that differences in biomechanical loading of the vertebral column may predispose certain dogs to either disc extrusion or protrusion, but there are no studies confirming that hypothesis. Differences in vertebral column torsional, compressive, and shear loads have been linked experimentally to disc degeneration, annular tearing, disc protrusion, and disc extrusion. [16] [17] [18] [19] [20] [21] German shepherd dogs tend to have a sloping stance, which hypothetically may put more strain on the intervertebral discs, including those in C, cervical vertebra(e); L, lumbar vertebra(e); S, sacral vertebra(e); T, thoracic vertebra(e).
FIGURE 2
Lesion distribution by breed. C1-T1, first cervical vertebra to first thoracic vertebra; L4-S1, fourth lumbar vertebra to first sacral vertebra; T1-T9, first thoracic to ninth thoracic vertebra;
T9-L4 ninth thoracic vertebra to fourth lumbar vertebra.
the upper thoracic region. Further studies are needed to investigate that theory.
Historically, it was thought that the T1-T10 region was refractory to IVDD due to extra stability provided by the intercapital ligament, the sternum, and the rib cage. The intercapital ligament runs between the heads of the ribs, articulating with the thoracic vertebra. It runs dorsal to the annulus fibrosis of the intervertebral disc but ventral to the dorsal longitudinal ligament. 12 It is interesting that the caudal most thoracic vertebra with an intercapital ligament is not clearly defined in the literature. According to Miller, the intercapital ligament connects the right and left rib heads from the second through tenth ribs 22 
;
Thacher describes it as running from T2-T11. 23 According to Slatter (2003) , the intercapital ligament is absent on the first, twelfth, and thirteenth rib and only marginally developed at the eleventh rib pair. 24 Wilkens et al. (1996) reported three cases of T9-T10 intervertebral disc herniation and speculated that the intercapital ligament in those dogs may have been abnormal. 12 In the current study, the authors categorized T9-T10 sites with T10-L4 because IVDD is not uncommon at T9-T10 for both small and large dogs. Further investigation of the intercapital ligament is warranted in dogs affected with T1-T9 disc lesions
The T1-T9 lesions also present a challenge with how best to manage them. The best surgical approach to the upper thoracic region is controversial given the anatomy and proximity to the chest. Exposure is more difficult at those disc spaces due to the proximity of the adjacent rib heads, and care must be taken to avoid creating a pneumothorax. 12 The C7-T9 region is an especially difficult area to access surgically. A ventral slot is one option, but that involves a sternotomy and retraction of the aorta and vena cava. A modified dorsolateral hemilaminectomy is the more common approach in veterinary medicine, but the dorsal tendinous raphe and the large amount of musculature make that approach and visualization difficult. In humans, various surgical approaches have been described, including laminectomy, pediculectomy, and thoracoscopy. 25 Posterior laminectomy has been associated with poor results and has been largely abandoned; although, a posterior transdural approach has been reported with better direct visualization of the spinal cord with less manipulation. 26 The development of posterolateral and anterior approaches has shown a significant reduction in mortality. 25 More recently, minimally invasive techniques have come into favor, including fluoroscopic-assisted percutaneous intervertebral disc nucleoplasty, percutaneous laser disc decompression, and thoracoscopy. [27] [28] [29] [30] Two of the 21 dogs with upper thoracic disc disease in the current study had paraplegia and moderate to severe spinal compression on MRI. Surgery was not recommended due to concurrent medical problems and/or prognosis. The other 19 of the 21 upper thoracic dogs presented with ataxia and conscious More studies need to be performed on upper thoracic disc disease to recommend surgical versus medical management. Some might argue that some of those patients should be managed medically, rather than surgically. As shown in the current study, German shepherd dogs with upper thoracic disc disease often have multiple regions affected (66.7%) and/or multiple sites affected within the T1-T9 region, which likely has a more guarded prognosis with surgery. This is further complicated because German shepherd dogs are one of the most common breeds to be diagnosed with degenerative myelopathy, which has a similar clinical presentation to upper thoracic IVDD. As degenerative myelopathy is a histopathologic diagnosis, it can be difficult to differentiate whether some of those cases are clinically affected by IVDD of the upper thoracic region, thoracolumbar region, or degenerative myelopathy.
MRI has become a more widely used diagnostic tool in veterinary medicine over the past decade and is reported to be the best method for early recognition of disc degeneration. 31, 32 With the increased use of MRI at referral institutions, it is possible veterinarians will be more likely to find upper thoracic disc lesions.
A similar pattern was observed in humans where thoracic disc herniations were thought to be 0.25-0.75% of all disc ruptures, but recent studies with MRI have shown that rate to be 11.1-14.5%. 25 
Conclusion
Greater than 10% of all large-breed dogs diagnosed with IVDD on 
